The essential oil contents of the fruit and roots of Cymbopogon olivieri growing wild in south of Iran were found to be 0.7 % and 0.4% (v/w), respectively based on the fresh weight. The oils were analyzed by GC and GC-MS. Forty and twenty six constituents, representing 93.1 % and 93.4% of the oils were identified, respectively. The major components of the C. olivieri fruit oil were identified as piperitone (44.1%), α-terpinene (13.7%), neral (6.3%), elemol (5.6%) and β-eudesmol (5.3%). while the main components of that of roots were characterized as piperitone (20.6%), α-muurolol (9.5%), β-eudesmol (8.5%), selina-6-en-4-ol (7.9%), 5-epi-7-epi-α-eudesmol (6.8%) and elemol (5.8%).
Cymbopogon is a genus belonging to the Poaceae family, Andropogonae subfamily and comprises a large numbers of species (about 140) [1] which are widely distributed and cultivated in tropical and subtropical regions in the world especially in Southeast Asia [2] . These grasses have great prospects for producing quality essential oils and it has direct relevance to the perfumery industry with economic benefit to humankind [3] . Cymbopogon species essential oils, which are diverse in chemical composition, possess many potential bioactivities of pharmaceutical and medicinal significance [4a] . The genus Cymbopogon is represented by two perennial species in flora of Iran, C. olivieri (Boiss.) Bor. and C. parkeri Stapf. which are distributed in the tropical regions of Iran including the southern and southeastern parts [4b].
Roots and aerial parts of C. olivieri, locally known as "Kah Makki", "Potar" and "Nagerd", [5a] are widely used in Iranian traditional medicine as an antiseptic, an antiseizure, a sedative, and an anxiolytic and to treat stomachache, colds and fever [5b]. Evaluation of the antimalarial efficacy of C. olivieri essential oil has been reported and interesting activity against larvae of Anophel stephensi has been exhibited [5c]. The antibacterial action of C. olivieri oil has been shown also [6a,b] . Several studies have reported the essential oil composition of C. olivieri aerial parts [5c, 6a,b] but there has been no report on the fruit and roots oils. Since a literature survey revealed that there has been no attempt to study the volatile components of C. olivieri fruit and roots up to now and as these parts have strong pleasant odors, we were prompted to investigate the essential oil compositions of them for the first time.
The hydrodistillation of the fruit and roots of C. olivieri gave yellow oils with pleasant odor and yields of 0.7% and 0.4% (v/w), respectively. Table 1 shows the list of compounds whose GC/MS concentration is not less than 0.1% of total peak concentration. Identification of the compounds was made by comparing their mass spectra and retention indices with those given in the literature. According to Table 1 , twenty six components were identified in this fruit oil, which presented about 93.4% of the total composition of the oil. The major constituents of the oil were piperitone (44.1%), α-terpinene (13.7%), neral (6.3%), elemol (5.6%) and β-eudesmol (5.3%). The fruit oil of C. olivieri comprised thirteen monoterpenoids (75.3%) and twelve sesquiterpenoids (17.0%). Table 1 , forty components were identified in the root oil, which presented about 93.1% of the total composition of the oil. The major constituents of the oil were piperitone (20.6%), α-muurolol (9.5%), β-eudesmol (8.5%), selina-6-en-4-ol (7.9%), 5-epi-7-epi-α-eudesmol (6.8%) and elemol (5.8%). The roots oil of C. olivieri comprised eleven monoterpenoids (28.2%) and twenty nine sesquiterpenoids (64.9%). The main component of both essential oils is piperitone, a monoterpene ketone typically produced in some plant species for their antimicrobial, antifungal, repellent and especially anticonvulsant properties [7,8a-8d] . Two reports on the analysis of C. olivieri aerial parts essential oil have been published and piperitone was the major component in both with amounts of 44.9% and 49% [5c,6a]. In comparison with these two reports, it is clear that the fruits oil with 44.1% piperitone content is very similar to the aerial parts oil and therefore similar biological activities are expected. α-Terpineol, tricyclene, p-cymene, α-terpinene, elemol and γ-eudesmol were present in both the aerial part and the fruits oils in similar amounts.
As shown in
As seen in Table 1 , the fruit and seed oils are somehow similar to each other. Components including α-pinene, borboneol, α-terpineol, β-elemene, δ-cadinene and elemol were present in both oils with the same amount. The amounts of camphene and limonene were found to be higher in the fruit oil while γ-eudesmol, hinesol and β-eudesmol were present in less amounts in the related root oil. The absence of β-pinene, γ-selinene, and especially α-terpinene and neral and the presence of 2-δ-carene, germacrene D, β-bisabolene, E-γ-bisabolene, agarospirol, intermedeol, cis-dihydro agarofuran and especially 5-epi-7-epi-α-eudesmol, selina-6-en-4-ol and α-muurolol were characteristic of the root oil.
In recent years, many Cymbopogon species have been also investigated for their chemical compositions. The studies have revealed that their essential oils mainly consist of monoterpenes while that of C. parkeri also consist of monocyclic monoterpenes, including piperitone [8e]. The essential oil of C. parkeri from Iran had piperitone (81%) as the major component with some other minor constituents including, germacrene-D (5%), santolinyl acetate (2.1%) and α-eudesmol C. citratus was shown to be completely different to that of C. olivieri roots essential oil, with the former consisting of 12 components with citral (88%) as the major constituent [8f]. This paper presents the essential oil composition of C. olivieri fruit and roots for the first time. Due to the presence of piperitone as the major component, future studies on the biological and pharmacological properties of C. olivieri essential oil especially the fruits oil are suggested.
Experimental
Plant material: Fresh fruit and roots of C. olivieri were collected in Jun 2014 from Sarzeh-Kharu near Minab, Hormozgan Province, Iran: (27° 24' 6.62" N 56° 10' 46.57" E, 16m). Specimens were identified by R. Asadpour and vouchers were deposited in the Herbarium of Pharmaceutical Sciences Branch, Islamic Azad University (IAUPS), Tehran under code numbers 1508-AUPF (fruits) and 1411-AUPF (roots). Freshly collected fruits and roots were separately submitted to hydrodistillation in a Clevenger-type apparatus for 3 h. At the end of distillation the oils were collected, dried with anhydrous Na 2 SO 4 , measured, and transferred to clean glass vials and kept at a temperature of −18°C for further analyses.
Analysis of the essential oil:
Oil sample analysis was performed on a Hp-6890 gas chromatograph (GC) equipped with a FID and a DB-5 capillary column, 30 m × 0.25 mm, 0.25 μm film thickness, temperature programmed as follows: 60 °−240 °C at 4 °C/min. The carrier gas was N 2 at a flow of 2.0 mL/min; injector port and detector temperature were 250 °C and 300 °C, respectively. Samples were separately injected by splitting and the split ratio was 1:10. GC/MS analysis was performed on a Hewlett-packard 6890 /5972 system with a DB-5 capillary column (30 m × 0.25 mm; 0.25 μm film thickness). The operating conditions were the same conditions as described above but the carrier gas was He. Mass spectra were taken at 70 eV. Scan mass range was from 40-400 m/z at a sampling rate of 1.0 scan/s. Quantitative data were obtained from the electronic integration of the FID peak areas. The components of the oils were identified by their retention time, retention indices, relative to C 9 -C 28 n-alkanes, computer matching with the WILEY275.L library and as well as by comparison of their mass spectra with data already available in the literature [9a,b] .
